Tuberculosis (TB) is a communicable disease caused by the bacillus *Mycobacterium tuberculosis* (*M. tuberculosis*). Nowadays, TB is still one of the top ten causes of death worldwide. About a quarter of the world's population is infected with *M. tuberculosis*. According to WHO's global tuberculosis report 2019, there were an estimated 10 million new TB cases in 2018, and 1.5 million people died from TB worldwide. The leading cause of death for people with HIV is TB \[[@bib1]\].

1. Acute tuberculous pneumonia {#sec1}
==============================

*M. tuberculosis* can invade various organs of the body. Pulmonary tuberculosis (PTB) is the most common, which can mainly cause lung injury and tubercles. PTB is a typical chronic consumptive disease, but it can present as an acute pneumonia. Acute tuberculous pneumonia (TP) is similar to typical bacterial pneumonia, and it is one of the causes of childhood illness \[[@bib2]\].

Acute TP generally refers to the clinical manifestations of community-acquired pneumonia (CAP), but the pathogen is *M. tuberculosis* instead of non-tuberculous bacteria or viruses \[[@bib3]\]. TP is contagious: coughing, sneezing, laughing, and even talking can produce droplet nuclei containing *M. tuberculosis*. Transmission occurs when a person inhales the droplet nuclei \[[@bib4]\].

In developing countries, *M. tuberculosis* is a main pathogen that cause CAP. A systematic review found that over 10% of patients with CAP in Asia were caused by *M. tuberculosis* \[[@bib5]\]. HamidReza Naderi reported that 17.5% of 120 CAP patients were diagnosed with *M. tuberculosis* infection at Imam Reza Hospital in Mashhad, Iran \[[@bib6]\]. Therefore, it is necessary to identify TP in patients with CAP in TB endemic areas. The global distribution of TP is consistent with that of TB ([Fig. 1](#fig1){ref-type="fig"} ). The incident cases mostly occur in developing countries, where many TB patients live in densely populated areas. This close contact increases the risk of cross infection.Fig. 1Estimated TB incidence rates in 2018. Reproduced form global tuberculosis report 2019 (<https://www.who.int/tb/publications/global_report/en/>). The incidence varied widely among countries in 2018.Fig. 1

1.1. Clinical presentation {#sec1.1}
--------------------------

Different from typical PTB, acute TP presents as acute respiratory infection, including dry cough, fever and chest pain. Dry cough often precedes other respiratory and systemic symptoms \[[@bib7]\]. Duration of symptoms is often more than 2 weeks prior to admission. The clinical symptoms of acute TP are similar to those of non-tuberculous CAP. However, patients with acute TP are subjectively better than patients with non-tuberculous bacterial pneumonia with less pleural pain, toxemia and dyspnea \[[@bib8],[@bib9]\]. Compare to non-tuberculous CAP, weight loss is more common in patients with acute TP. Many patients with acute TP expectorate, but hemoptysis is relatively rare \[[@bib6]\].

Acute TP can result in severe consequences in some cases, such as acute respiratory distress syndrome (ARDS) in children \[[@bib10]\]. Cases of acute respiratory failure caused by acute TP have also been reported \[[@bib11],[@bib12]\]. Secondary diseases, including necrotizing pneumonia and destruction of the lung parenchyma, can be found in children, and were more common in HIV-infected children \[[@bib13]\]. Jose Moreira pointed out that 59.3% of patients with TP have at least one complication; the most common ones are AIDS and diabetes \[[@bib7]\].

1.2. Pathogenesis {#sec1.2}
-----------------

Previous studies have tried to explain the pathogenesis of acute TP. *M. tuberculosis* propagates every 18--24 h, and it is uncommon for PTB to initially manifest as acute, rapidly progressive pneumonia. Septimus believed that this rapid progression may be an exudative hypersensitivity to aspirated tuberculoprotein, instead of the inflammatory response caused by *M. tuberculosis* \[[@bib8]\]. Rich noted that the acute pneumonia could either be caused by massive *M. tuberculosis* infection or inhaled tuberculoprotein which cause acute exudative hypersensitivity. A study showed that in human TB, fresh pneumonia exudates were found around caseous lesions with little or no acid-fast bacilli (AFB) \[[@bib14]\]. As early as 1931, Larson and Long injected tuberculin into the trachea of normal and TB guinea pigs respectively, confirming the hypersensitivity associated tuberculoproteins \[[@bib15]\].

Imaging examination showed that TP was characterized by parenchymal lesions in the lung area around the affected bronchi. Bacteria and caseous substance penetrated into the periphery through these affected bronchial fistulas. TP presents a poor clinical inflammatory response that is different from the classic caseous pneumonia \[[@bib16]\]. Clinically, dry irritating cough usually occurred a few days before fever and lung involvement, and appeared after the complete formation of fistula \[[@bib17]\].

After the formation of TP, the outcome depends on the amount of bacteria in the caseous substance inhaled into the lungs from the lymph nodes. If there is little or no bacteria in the consolidation area, pneumonia will be relieved, which is previously called "epituberculosis" \[[@bib18]\]. Otherwise, the disease will progress, and more necrotic cavities will spread to other areas of the lungs. Permanent lesions may occur, such as bronchostenosis. If the lesion is located in middle lobe or lingula, it will cause advanced complications such as bleeding and recurrent bacterial pneumonia \[[@bib19]\].

1.3. TB and pneumonia {#sec1.3}
---------------------

The incidence of pneumonia in PTB patients is higher than that in normal groups \[[@bib20]\]. In some areas, such as Uganda, epidemiological analysis has shown that children with severe pneumonia have a higher incidence of PTB, accounting for 18.9% \[[@bib21]\]. A recent study has shown that in CAP patients with *streptococcus pneumoniae* and *M. tuberculosis* coinfection, pneumococcal pneumonia is likely to provide fertile ground for reactivation of latent TB \[[@bib22]\]. In patients with multidrug-resistant TB (MDR-TB), long-term use of medication increases the risk of secondary pneumonia. In turn, secondary pneumonia significantly delays in smear conversion to negative in patients with MDR-TB. This is also a cause to TB treatment failure \[[@bib23]\]. Pneumonia and TB can be combined or exist one after another, and this would cause certain difficulties in identifying of the two diseases. Especially in the diagnosis of PTB, the manifestations of pneumonia are often more prominent. That may conceal the characteristics of PTB and lead to misdiagnosis.

2. Diagnosis {#sec2}
============

Patients with *M. tuberculosis* infection have lung damage and they may be at higher risk when pneumonia with different pathogens are raging. Once being infected with SARS-CoV-2, they are likely to develop serious COVID-19, making the treatment difficult. Therefore, timely and accurate screening of TP will help to reduce the transmission of TB.

Schwartz and Moyer proposed diagnostic criteria for TP based on its clinical manifestations: 1) Confluent dense shadows on the CXR involving at least one lobe; 2) High spiking fever; 3) Chest examination presenting signs of consolidation; and 4) Sputum examination positive for tubercle bacilli \[[@bib24]\].

2.1. Clinical diagnosis {#sec2.1}
-----------------------

**Imaging test:** Medical imaging is an indispensable test in the diagnosis of acute TP. Morphological feature analysis of lesion is a pivotal basis for imaging diagnosis for acute TP. The radiographic characteristic of TP is homogeneous, segmental consolidation on CXR, which is interpreted by chest radiologists as bacterial pneumonia \[[@bib25]\]. A retrospective study on 59 TP patients found that pulmonary consolidation of most cases (67.8%) appeared in upper lobes, with the right lobe predominate. 9 cases' pulmonary consolidation were found in the middle lobe \[[@bib7]\].

If a chest computed tomography (CT) scan is performed, the result will also be homogeneous consolidation \[[@bib26]\]. Positron emission tomography combined with CT (PET/CT), which measures pulmonary inflammation through cellular uptake of ^18^F-labelled fluorodeoxyglucose, was very sensitive to detect *M. tuberculosis* early infection \[[@bib27]\].

**Serologic test:** Leukocytosis was observed in only 35.6% of the TP patients \[[@bib7]\]. The white blood cell count rarely exceeds 15,000/cu mm \[[@bib8],[@bib9]\]. Some potential biomarkers in serum have been discovered in the diagnosis of TP. Researchers have constructed TB prediction model by detecting the levels of three iron biomarkers in serum (including serum iron, ferritin and transferrin) that can diagnose TB well. It can distinguish PTB from non-TB pneumonia. And it is hopeful to expand the diagnostic method of TP \[[@bib28]\].

**Microbiological tests:** The AFB smear microscopy of the sputum or the bronchial washing specimens from TP patient is an effective and reliable method. Sputum smear microscopy is still the main laboratory test in many resource-limited settings \[[@bib29]\]. The respiratory specimen of TP patient usually contains fewer bacteria and may require multiple samples for AFB test. The quality of microscopy diagnosis is often not guaranteed, as this test was noted to have poor sensitivity (between 30% and 70%) \[[@bib30]\]. A retrospective observational study showed that 27 of 70 PTB patients (38.5%) were AFB smear-negative. These patients were more likely to be treated as non-tuberculous pneumonia and be admitted to the general ward without quarantined during hospitalization \[[@bib31]\].

Using an automated screening system can improve the utility of this older diagnostic test-smear microscopy. Law has developed a computer-aided whole smear screening system, that can be used to detect AFB from respiratory specimens under general optical microscopy or fluorescence microscopy. So the staff workload can be reduced \[[@bib32]\].

2.2. Differential diagnosis {#sec2.2}
---------------------------

Although there are many diagnostic methods, one of the challenges in the diagnosis of TP is to distinguish it from non-tuberculous CAP. In some areas with high TB prevalence, it is easy to misdiagnose PTB as CAP (such as community-acquired *Tsukamurella* pneumonia) due to similar symptoms \[[@bib33]\]. Nonetheless, the two still have their own characteristics ([Table 1](#tbl1){ref-type="table"} ). In the course of CAP treatment, acute TP should be considered when the patient experiences ineffective antibiotic treatment. And the patient should be screened for HIV infection \[[@bib34]\].Table 1Difference between tuberculous pneumonia and non-tuberculous CAP.Table 1Tuberculous pneumoniaNon-tuberculous CAPClinical manifestation•Symptoms of tuberculosis•Night sweats, fever, dry cough, etc•Severe poisoning symptoms•High fever, chills and mental malaise, etc.Laboratory test•Levels of WBC[a](#tbl1fna){ref-type="table-fn"}, NE[b](#tbl1fnb){ref-type="table-fn"}, CRP[c](#tbl1fnc){ref-type="table-fn"} and PCT[d](#tbl1fnd){ref-type="table-fn"} are not high or slightly high•Levels of WBC, NE, CRP and PCT are significantly increasedImaging test•Lesions are more common in the upper and middle lobes•Lesions appear as nodules, consolidations, and cavities•Lesion location is uncertain•The lesions are mainly patchy shadows and consolidation shadows[^2][^3][^4][^5]

Two inflammatory biomarkers, C-reactive protein (CRP) and procalcitonin (PCT), have shown the important clinical significance in identifying TB, *Pneumocystis jirovecii* pneumonia, and bacterial pneumonia in HIV patients \[[@bib35]\]. PCT levels in patients with PTB were significantly lower than those non-tuberculous CAP patients \[[@bib6]\]. PCT tests have acceptable sensitivity and specificity in distinguishing TB from bacterial pneumonia \[[@bib36]\]. However, a prospective cohort study showed that using CRP and PCT to identify TB from CAP patients has limited value \[[@bib35]\]. Moreover, CRP has high sensitivity but low specificity in diagnosis of HIV-associated TB \[[@bib37]\]. Accordingly, CRP and PCT can be used as reference indicators for the diagnosis of TP. In addition, Japanese researchers distinguished TP from non-tuberculous pneumonia by testing serum IFN-γ, matrix metalloproteinases-1 and-9 (MMP-1 and MMP-9), and periostin \[[@bib38]\].

The serum neutrophil-lymphocyte count ratio (NLR) levels of PTB patients were significantly lower than patients with bacterial CAP \[[@bib39]\]. NLR can be used to distinguish PTB from bacterial CAP in the initial diagnosis. Besides, a study pointed out that the values of delta neutrophil index (DNI) of PTB patients were lower than those of CAP patients. Initially elevated DNI may help to rule out the possibility of PTB and also serve as an important potential diagnostic indicator to clinically distinguish between PTB patients and CAP patients \[[@bib40]\].

A CT-based predictive nomogram built with pulmonary consolidation region, lymph node region and a clinical factor (duration of fever) can distinguish childhood PTB from CAP conveniently \[[@bib26]\].

2.3. Etiologic diagnosis {#sec2.3}
------------------------

**Mycobacterial culture:** *M. tuberculosis* culture, which is regarded as the "gold standard" for TB diagnosis by WHO, provides accurate and reliable results for acute TP diagnosis. Culture-positive strains can be used for subsequent strain identification and drug sensitivity testing. But traditional solid and liquid media culture have several limitations, including poor practicability, bacterial cross-contamination, and long culture time (about 2 months). Automated or semi-automated liquid culture system can significantly decrease the growth time of *M. tuberculosis* and shorten the diagnosis time of drug-sensitive *M. tuberculosis*. However, this system also takes about 14 days to detect *M. tuberculosis* \[[@bib41]\], which is disadvantageous to the rapid diagnosis for TP.

**Immunological diagnosis:** IFN-γ release assays (IGRAs) are originally developed to diagnose latent TB, and are widely used to detect *M. tuberculosis* infection with high specificity and sensitivity \[[@bib42]\]. But the high cost limits their application in developing countries. Moreover, some studies have shown that severe diabetes may affect the results of IGRAs \[[@bib43]\]. The TS-SPOT assay, which is also based on IFN-γ detection, has the characteristics of low cost-effectiveness and high sensitivity. So it is a useful auxiliary method for rapid diagnosis of *M. tuberculosis* infection in low-income and high-incidence environment \[[@bib44]\]. IGRA-ELISA can be used for large-scale detection, so it is easy to operate and can save manpower. In addition, there is a good correlation and consistency between IGRA-ELISA and T-SPOT.TB in the diagnosis of TB \[[@bib45],[@bib46]\].

**Molecular assays:** The Center for Disease Control and Prevention (CDC) recommends that in addition to smear microscopy, at least one nucleic acid amplification (NAA) test, including polymerase chain reaction (PCR), should be performed for every suspected PTB patient \[[@bib47],[@bib48]\]. A rapid, automated NAA test-Xpert MTB/RIF assay, is the only approach recommended by WHO for rapid diagnosis of TB and rifampicin resistance \[[@bib49]\]. But this technology is not affordable in high-TB burden countries with limited resources \[[@bib50]\]. And children are less sensitive than adults \[[@bib49]\]. Xpert MTB/RIF Ultra assay is more sensitive than Xpert MTB/RIF assay in detecting TB patients complicated with paucibacillary disease or HIV, and is more sensitive to specimens with low bacillus content \[[@bib51]\]. Therefore it can overcome the limitation of Xpert MTB/RIF assay. The detection of bacterial RNA can target viable *M. tuberculosis*. Bacterial load in sputum can be quantified through detecting 16S ribosomal RNA \[[@bib52]\], as sensitive as solid culture \[[@bib53]\].

In contrast to *M. tuberculosis* culture, one of the main advantages of molecular test is the rapid diagnosis that the results can be obtained on the same day \[[@bib54]\]. However, the premise of rapid PCR-based test is to obtain a respiratory specimen, which is not practical for sputum samples of inadequate quality or patients who cannot spit. In order to collect specimens more effectively, Williams CM and his colleagues developed face-mask sampling, a highly efficient and non-invasive method for detecting exhaled *M. tuberculosis* output. This approach can detect early infection \[[@bib55]\].

3. Treatment {#sec3}
============

3.1. Anti-TB therapy {#sec3.1}
--------------------

There are two types of anti-tuberculosis drugs in clinical use currently: first-line and second-line antibiotics. First-line drugs include rifampicin, streptomycin, isoniazid, etc. Second-line drugs include kanamycin, ciprofloxacin, ethionamide, etc. \[[@bib56]\]. TB treatment requires a combination of multiple antibiotics with a treatment cycle of 6--9 months or even 2 years. However, the combination of multiple antibiotics, non-standard medication and insufficient medication duration are likely to produce strains of drug resistance \[[@bib57]\]. These strains are defined as MDR. The main drugs used to treat MDR-TB are fluoroquinolones (FQ) and lastline injections (amikacin, kanamycin and capreomycin). Their use may lead to the emergence of extensively drug-resistant (XDR) strains that developed additional resistance mechanisms to FQ and aminoglycosides \[[@bib58]\]. Therefore, the use of FQ as an empirical treatment for CAP in TB endemic areas should implement short-course (5--10 days) regimen to reduce the appearance of FQ-resistant *M. tuberculosis* \[[@bib59]\]. This emphasizes the importance of rapid screening for *M. tuberculosis* infection in CAP patients \[[@bib60]\]. It has been reported that delamanid and bedaquiline can be used in combination to treat XDR-TB and MDR-TB. Increasing evidence shows that this medicine combination is likely to be acceptable \[[@bib61],[@bib62]\].

A series of candidate host-directed and immune-based therapies can accelerate the eradication of *M. tuberculosis*. They are being developed and will be used as adjuvant therapies to shorten the course of treatment, prevent permanent lung injury and improve the outcome of MDR-TB treatment \[[@bib63]\]. It has been reported that a female with TP complicated with severe ARDS and disseminated intravascular coagulation has been successfully treated by high frequency oscillatory ventilation, vasopressor support, anti-TB therapy, intravenous immunoglobulin and recombinant soluble human thrombomodulin \[[@bib10]\].

Inhaled drug therapy for TB can be used to supplement traditional oral drug therapy. The advantage of inhalation therapy for TB is that it can deliver high concentrations of drugs to the lungs, which is the main sites of *M. tuberculosis* infection. Inhalation therapy for TB is a potentially strategy that needs to be evaluated in clinical studies \[[@bib64]\]. There is a precedent for inhalation of beclomethasone dipropionate in acute TP patients complicated with asthma \[[@bib65]\]. A recent article described the effect of intrapulmonary administration on local and systemic pharmacokinetics and showed how inhaled administration achieved high levels in the lung along with low levels of systemic absorption, which will help avoid toxicity \[[@bib66]\]. Therefore, as one of the alternative strategies for traditional medicine, inhalation therapy is a potential method for the treatment of TP.

3.2. Anti-inflammatory therapy {#sec3.2}
------------------------------

After *M. tuberculosis* is engulfed by alveolar macrophages, the infected macrophages will release pro-inflammatory cytokines \[[@bib67]\]. Increasing evidence supports that inhibiting excessive and harmful inflammatory responses may reduce mycobacterial dissemination without inducing immunopathology \[[@bib68], [@bib69], [@bib70]\]. Therefore, anti-inflammatory drugs should be considered in treatment for TP except antibiotics that target *M. tuberculosis*. A study found that PTB patients with acute renal failure who received corticosteroids had lower mortality than patients without corticosteroids \[[@bib71]\]. It may be related to the anti-inflammatory properties of glucocorticoids and receptor agonists, such as dexamethasone and prednisone \[[@bib72]\]. Corticosteroids can prevent immune reconstitution inflammatory syndrome in TB/HIV co-infection by improving TB lung pathology \[[@bib73]\]. Survival benefits for TB meningitis have been proved \[[@bib74]\]. Another study reported that *M. tuberculosis* associated necrotizing pneumonia was successfully treated by the initiation of corticosteroid followed by anti-TB drugs \[[@bib75]\]. Andy Ruiz et al. found that Resolvin D1 and Maresin 1 can induce anti-inflammatory mechanism of human macrophages and produce different antimicrobial effectors to control intracellular growth of *M. tuberculosis* \[[@bib76]\]. Their clinical application in patients with TP needs to be addressed in the future.

3.3. Pulmonary function repair {#sec3.3}
------------------------------

Although the cure rate of new cases of TB has reached 85% in 2017, the chronic lung injury after PTB should not be ignored. Compared with the entire population, the morbidity and mortality of TB survivors were higher \[[@bib77],[@bib78]\]. Pulmonary consolidation caused by TP can cause destructive damage to lung tissue, which is typically marked by pulmonary cavity \[[@bib79],[@bib80]\]. Therefore, chronic lung damage after treatment of *M. tuberculosis* infection should be considered \[[@bib78],[@bib81]\], and lung function repair should be performed to prevent *M. tuberculosis* reinfection.

Studies have found that inhibiting matrix metalloproteinase may reduce lung damage in people with history of tuberculosis, but it still needs to be proved by clinical trials \[[@bib82]\]. Some traditional Chinese medicines may have repairing and protecting effects on TB-induced lung damage. Sinomenine, which was originally extracted from a Chinese herbal medicine-*Sinomenium acutum*, can attenuate acute lung injury by inhibiting inflammation and reducing oxidative stress \[[@bib83]\]. Radix Astragali, a traditional Chinese medicine, can protect cells and tissues from oxidative stress by scavenging free radicals and reactive oxygen species, and finally providing significant protection against lung injury \[[@bib84]\].

Climate change, air pollution and air allergens, etc. can affect cardiopulmonary health \[[@bib85]\]. In the elderly, the increase in temperature and relative humidity are related to the decline in lung function \[[@bib86]\]. Therefore, elderly patients with TP should pay attention to living in a suitable environment after recovery. Pablo A Salcedo et al. used meta-analysis to quantify the effect of exercise training on indices of pulmonary function in adults with chronic lung disease, and pointed out that whole body exercise training can effectively improve lung function, especially the vital capacity index \[[@bib87]\]. Exercise can also improve the lung function of children with cystic fibrosis \[[@bib88]\]. Therefore, proper exercise is indispensable after TP treatment.

3.4. Vaccine prevention and treatment {#sec3.4}
-------------------------------------

Vaccine is the best way to prevent TP. Bacille Calmette-Guérin (BCG) is the only licensed vaccine against *M. tuberculosis* infection \[[@bib89]\]. Although BCG can effectively protect infants and young children from *M. tuberculosis* infection, its efficacy on PTB varies, especially among adults \[[@bib90]\]. Therefore, the emergence of new vaccines or new usage of existing vaccine is still worth looking forward to. The discovery of intravenous BCG by Darrah and colleagues provided greater protection to prevent TB \[[@bib91]\]. Juan I. Moliva et al. pointed out that petroleum can be used to selectively remove many inflammatory lipids (including trehalose dimycolate, trehalose dimycolate, mycoside B, triacylglycerols, and phthiocerol dimycocerosates) of BCG, without affecting the vitality of BCG. This would make the processed vaccine safer by reducing inflammation \[[@bib92]\].

In addition, there are many candidate vaccines under development. For example, a modified vaccine-MVA85A, which can express Ag85A, is the first therapeutic vaccine that undergo clinical efficacy trials in more than 60 years. However, the infants who received MVA85A as booster vaccination after BCG have been found no significant improvement in TB protection during three years' follow-up \[[@bib93]\]. Thomas H. King et al. found that a new *Saccharomyces cerevisiae* immunotherapeutic vaccine named GI-19007 had immunogenicity in mice. This fusion vaccine can elicit strong IFN-γ and IL-17 responses. The survival rate of guinea pigs treated with GI-19007 and BCG was higher than BCG alone, so it may be used to limit lung injury and expand chemotherapy regimens for TB treat \[[@bib94]\]. With the rapid development of immunology and molecular biology, others new TB vaccines have emerged to provide new hope for the prevention and treatment of TB, including inactivated vaccines, recombinant live vaccines, attenuated live vaccines, subunit vaccines, and DNA vaccines, etc. \[[@bib95]\].

4. Concluding remarks {#sec4}
=====================

Lung infection with *M. tuberculosis* usually presents as a chronic consumptive disease, but it can also cause acute pneumonia. Under the cover of various types of pneumonia, TP can be easily misdiagnosed, leading to more serious disease progression. No matter in the areas with high or low prevalence of TB, the attending doctor should be alert to *M. tuberculosis* infection for patients with doubtful pneumonia.

High sensitivity, high specificity and easy-to-use diagnostic tests are necessary for the rapid and accurate detection of *M. tuberculosis* infection. However, it's worth noting that many diagnostic tests are inadequate for young children who are prone to TP. In low income areas where TB is prevalent, affordability of diagnostic tools is also an important issue.

One difficulty in TP treatment is drug-resistant TB. Drug screening of infected patients will undoubtedly increase the treatment effect. TP is more common in special populations, such as children, the elderly, and HIV patients, individualized treatment should also be considered. Of course, the clinical application of new vaccines with stronger protection is more worthy of expectation, so as to realize the long-cherished desire to completely eliminate TB.
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